This past year, we commemorated the 100 th anniversary of the 1918 influenza pandemic, which is estimated to have killed 50-100 million people worldwide 1 . Its impact in India was especially severe; 10-20 million people may have died 2, 3 . Since 1997, influenza scientists and public health officials have been concerned about a potential pandemic caused by the highly virulent avian influenza A(H5N1) virus 4 . More recently, concern has been shifted to the H7N9 virus. In one study of 1241 hospitalized H7N9 patients in China, 70 per cent were treated with antiviral agents, but the overall case fatality rate was still 40 per cent 5 . A recent study has estimated that during the next pandemic, almost 33 million people will die during the first six months 6 . Thus, regardless of which new influenza virus emerges, the risk of a devastating global pandemic is alarmingly real.
Currently, public health officials are counting on vaccines as the first line of pandemic defence. The World Health Organization (WHO) has led a vigorous effort to expand seasonal influenza vaccine production in low-and middle-income countries, including India 7,8 . Seasonal influenza is responsible for appreciable morbidity and mortality in developing countries 9 , and expanded vaccine production might reduce this burden by improving vaccination rates. International trends, however, are not encouraging. An ongoing survey of 201 countries has shown that annual influenza vaccine distribution rates in many countries have plateaued, and in some, the rates are actually falling 10 . In the countries of Southeast Asia, the eastern Mediterranean and Africa, which account for at least half the global population, hardly any seasonal influenza vaccine is used. Moreover, it will take time to produce pandemic vaccines, so they will not be available in any country during the first six pandemic months 11 .
Physicians count on antiviral drugs to treat individual patients 12 . Anti-neuraminidase inhibitors are only modestly effective in reducing mortality due to seasonal influenza, and antiviral resistance is always a threat. Newer antiviral drugs are being developed, but even if they are efficacious, they may be no more effective than the current antivirals. In addition, the development of antiviral resistance is also a possibility. Thus, given the absence of both pandemic vaccines and highly effective antiviral treatments, it takes little imagination to recognize that human experience during the next pandemic could be similar to what it was 100 years ago 13 .
Not everyone infected with influenza virus dies.
In the 1918 pandemic, approximately one-third of the human population was infected but a much smaller proportion died. Moreover, pandemic mortality was much higher in young adults than in children. Thus, for each individual, the host response seems to be a central determinant of disease severity 14 . This gives us reason to be hopeful; instead of targeting the virus with vaccines and antivirals, physicians might be able to improve survival by treating patients with drugs that modify the host response to infection.
The idea of treating the host response is >10 yr old 15 , and it is supported by a large body of experimental evidence and several observational studies [16] [17] [18] . The host response may involve mechanisms that enhance resistance (which reduces pathogen burden) or tolerance (which reduces the impact of infection). In 1918, mortality rates were much lower in children than those in young adults, but the better survival of children was not unique: similar age-related mortality differences have been seen with other virus and bacterial diseases 16 . Recently, this difference has been experimentally reproduced in pre-and post-pubertal mice that were either infected with an influenza virus or treated with endotoxin 19 . Because influenza virus titres and endotoxin levels were similar in both groups, the better survival of pre-pubertal mice suggested that Perspective Influenza pandemic preparedness: A special challenge for India they were more tolerant, not more resistant. Their better tolerance likely reflects the heritage of evolution.
Among the drugs that have received attention for host response treatment are statins and angiotensin receptor blockers (ARBs). During the Ebola outbreak in Sierra Leone in 2014, combination treatment with these two drugs apparently led to "remarkable improvement" in the patient survival 18 . These drugs have multiple beneficial effects on the host response, including the restoration of endothelial barrier integrity, a central abnormality in the pathogenesis of acute lung injury 18, 20 . They also accelerate the return of mitochondrial biogenesis, affect T-cell and macrophage polarization and modify the 'cytokine storm' 16, 18 . Their potential effectiveness in treating human influenza has been suggested by the activity of an experimental drug that specifically restored endothelial barrier integrity in a mouse model of influenza 21 . In this study, drug treatment significantly improved survival without affecting virus replication, whereas antiviral treatment alone was ineffective. Other investigators have shown that not only do statins and ARBs restore endothelial barrier integrity, they reduce virus replication 22, 23 . Other generic drug combinations might also be used to treat the host response to influenza 24 and sepsis 25 .
The idea of treating the host response to pandemic influenza has a highly plausible scientific rationale, but for global public health it is overwhelmingly compelling: simply put, there is no available practical alternative that physicians might use to reduce pandemic mortality. Many of the drugs being considered are produced as inexpensive generics in developing countries, including India. These drugs are widely available and are used by physicians in the daily care of patients. In spite of this, influential influenza scientists and health officials (including those at WHO) have shown no interest in this idea. Several reasons have been invoked to explain their lack of interest, including herding behaviour and social bias 26 . The idea of treating the host response means they risk losing power, influence, reputation and financial support 18 .
In the absence of interest on the part of the usual authorities, people everywhere need to ask 'who is responsible for global pandemic preparedness?' Should we depend on a 'top down' process in which a small group of elite scientists and health officials decide which interventions to study in the hope that one or more of them might affect the course of the next global pandemic? Should these elites be allowed to exclude from consideration an alternative 'bottom up' approach to patient care that is scientifically plausible, eminently practical and could have an immense impact on global health, equity and security?
The answer to this question is obvious. If treatment with inexpensive and widely available generic drugs could be convincingly shown to work, patients in any country with a basic healthcare system could be treated on the first pandemic day. It follows that in the absence of support for this idea, clinicians might have to undertake studies on their own to show that treating the host response is effective 27 . This includes physicians in India. An agenda for this research has been published (Table) 27 .
It is important to recognize that treating the host response is an approach that might be used in patients with other forms of acute critical illness. It appeared to work in patients with Ebola 18 and it would probably work in any illness that involves endothelial dysfunction and the loss of vascular barrier integrity, for example, other emerging virus diseases, sepsis, community-acquired pneumonia and even sporadic illnesses like Hantavirus infection 18 . It could also be considered for treating patients with Nipah virus infection, a recent problem in India 28 . This disease is characterized by endothelial dysfunction 29 , and statins and ARBs have beneficial effects on endothelial cells, including those in the brain 30, 31 .
There is no guarantee that treating the host response will be effective, but we urgently need to find out. If a highly virulent and easily transmissible pandemic influenza virus emerges, it will spread rapidly throughout the world, overwhelming healthcare systems everywhere. In the absence of pandemic vaccines and effective antiviral treatments, the only way Indian physicians might reduce pandemic mortality will be to treat seriously ill patients with easily administered inexpensive generic drugs that are already available and that modify the host response to infection. In countries like India, the challenge of the next pandemic must make this the central element of preparedness planning.
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